Histochemical techniques applied at the ultrastructural level have clearly established the periplasmic space as the site of alkaline phosphatase activity in Plectonema boryanum. Considerable enzyme activity is found after the organism is placed in a phosphate-free medium for 5 days. This activity is found only in the cellular fraction of the culture with no activity present in the culture medium. Localization of the site of enzyme activity in cells was investigated by a modification of the method of Costerton. Unfixed cells were reacted with calcium nitrate, which acts as the initial capture reagent. After this deposition, the cells were suspended in 2% lead nitrate to convert the calcium phosphate to more electron-dense lead phosphate. The majority of activity appears associated with layer 3 (periplasmic space) of the cell wall.
Growth of a number of microorganisms in a phosphate-deficient or phosphate-free environment induces formation of the enzyme alkaline phosphatase (3, 7, 9, 11, 26) . In gram-negative organisms, certain degradative enzymes, including alkaline phosphatase, are located within the cell wall (4, 22, 27) . Since procaryotes have no membranous separation of cell areas into specific, functional organelle units, compartmentalization of alkaline phosphatase within cell walls allows cells efficient and economic functioning by permitting usage of organic substrates when inorganic phosphate is unavailable. It has been demonstrated quite clearly that only the phosphate is taken into the cell; the remainder of the substrate molecule is left in the surrounding medium (13, 18) . Therefore, substrates unable to penetrate the cell membrane can be used by the cells as a result of alkaline phosphatase placement in the cell wall.
The most thoroughly investigated procaryotic alkaline phosphatase is that of Escherichia coli (6, 20, 22, 24, 26, 27) . Although some work has been done with alkaline phosphatase of the bluegreen bacteria Anabaena flos-aquae (2, 11) and Anacystis nidulans (Synechococcus) (14) , no cytochemical study has been carried out at the ultrastructural level. The purpose of this investigation was to determine the location of alkaline phosphatase activity in the blue-green bacterium Plectonema boryanum Gomont.
MATERLALS AND METHODS
P. boryanum Gomont (Indiana University Culture Collection no. 581) was obtained from the Starr culture collection (25) . P. boryanum was grown for 14 days in modified Fitzgerald medium (8, 30) , under 25'C, 2,152 lx of illumination, and an alternating 12-h day/night cycle. Previous work (T. E. Jensen and L. Sicko-Goad, EPA report-600/3-76-103) has shown that at this time the culture is nearing the completion of its maximum growth. After this growth period, the cells were removed from the culture medium by centrifugation (12,100 x g for 10 min at 4°C), washed three times in Fitzgerald modified medium containing no phosphate, and then suspended in the phosphorusfree culture medium. The cultures were then placed under the original environmental conditions for 5 days. After 5 days the cells were removed from the phosphate-free medium by centrifugation and washed two times by suspension in and centrifugation from distilled water at room temperature.
Cytochemical localization was investigated by a modification of the method of Costerton (5 (28) (Fig. la and  b) . A few polyphosphate bodies and a number of polyhedral bodies are seen. After incubation in solution without substrate and treatment with lead nitrate, the majority of cells lack any precipitate indicative of alkaline phosphatase activity. However, an occasional cell treated before fixation and postfixed with glutaraldehyde for 1.5 h and osmium for 1.5 h had a light granular precipitate on the thylakoids (Fig. lb) . A few cells similarly treated contained dense clumps of precipitate near the cell membrane (Fig. 1c) .
Those cells suspended in complete incubation solution followed by lead nitrate showed alkaline phosphatase activity in the cell wall. This was in the form of a granular precipitate surrounding the entire cell, when individual cells are observed, as shown in Fig. 2 . In filaments, the reaction product was found only in external walls; none was found in cross walls. The precipitate was often extremely dense, almost obliterating the entire wall structure. In cells cut tangentially, the granular precipitate appeared to cover the entire surface of the cell. However, in Fig. 3 it can be seen quite clearly that the precipitate was maximally localized within the periplasmic space or layer 3 of the cell wall. Occasionally a small amount of deposit was observed on the outer surface of layer 4 (Fig. 3c) .
In some sections, as shown in Fig. 2a , a cell showing much reaction product, i.e., continuous precipitate within the cell wall, was found near a cell showing no evidence of alkaline phosphatase activity.
All unfixed cells placed in appropriate incubation solutions and then transferred to fixative solutions after completion of the reaction gave good results. These results were equally good whether the fixative was a combination of glutaraldehyde and osmium or osmium alone. However, when the same reaction was attempted with cells prefixed in glutaraldehyde, the results were poor, the precipitate being sparse and seemingly nonspecific. proximately 93% of the enzyme (3) and A. flosaquae releases alkaline phosphatase, referred to as soluble alkaline phosphatase, into the medium (11). Therefore, it seemed possible that this sheath might act as a primary or secondary location for alkaline phosphatase activity. Since the sheath is rather easily lost by the cells through washing, only a small percentage (I to 2%) of the cells retain any sheath at the completion of the appropriate cytochemical reactions. There seems to be no noticeable difference in appearance of the sheath of control cells and experimental cells in P. boryanum. This agrees with preliminary data that shows no activity in the supernatants after centrifugation or in the culture medium. A. nidulans also does not seem to secrete any alkaline phosphatase (14) .
In the present study, the observation that some cells have no activity associated with the wall was first thought to be related to presence or absence of sheath material. However, no correlation was observed, and our study suggested that some cells are not induced to produce alkaline phosphatase under the conditions described and, thus, exhibit no activity, LITERATURE CITED
